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SCHEMA-ORIENTED CONTENT MANAGEMENT 
SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to a schema-oriented 
content management system, in particular to an apparatus 
and a method for storing and accessing data in a content 
management system. 

BACKGROUND INFORMATION 

[0002] The pervasive use of internet technologies for the 
access of all sorts of data sources and the increasing siZe and 
complexity of internet systems constitute major challenges 
for the providers of information technology infrastructure. 
The information to be exchanged must be produced, vali 
dated, stored, retrieved, analysed, formatted, and delivered 
While observing high availability and performance require 
ments. 

[0003] As the volume of data increase, it becomes insuf 
?cient to provide automated support only for the delivery of 
information to the user, Which is often done via standard 
protocols like HTTP utilising standard softWare, such as Web 
servers and Web broWsers. The data creation process must be 
supported in its entirety. E.g., for an online magaZine it is 
necessary that the content of the magaZine, Which might 
consist of text documents, pictures, sound tracks, or video 
streams, is properly gathered and administered. Web content 
management systems (WCMSs) address the desire to pro 
duce larger and more complex Web sites more quickly and 
With higher quality. 

[0004] Large Web sites are often developed collaboratively 
by several people Whose access has to be coordinated and 
controlled. WCMSs usually do this by offering exclusive 
locks on individual documents and by verifying proper 
authoriZation. Furthermore, it is necessary to separate con 
tent and layout of the Web site, since different people have 
specialised roles and responsibilities With respect to the Web 
site development or operation, e.g., text editor, designer, 
programmer, and administrator. AWCMS therefore tries to 
structure the information so that different roles can Work as 
independently as possible, e.g., alloWing a text editor to 
focus on producing text Without bothering With layout. The 
content is not just meant for access by human users but is 
also the data on Which import, export, and personaliZation 
services operate. 

[0005] The actual Web site is often generated from a 
content database using templates Which select and combine 
the content. For example, navigation bars are computed 
from the current position in the navigation hierarchy, a 
centre pane receives text articles, and a side bar features 
related content. 

[0006] Because material published on a Web site imme 
diately goes public, quality assurance is important. To 
exploit the Web’s potential for up-to-date information, pub 
lication should be as fast as possible. On the other hand, 
published material should adhere to certain quality stan 
dards, at minimum contain no spelling mistakes, dangling 
links, or broken HTML. 

[0007] In a content management system an explicit con 
tent schema may be used to model the content data to be 
handled by the WCMS. HoWever, a content schema is 
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almost impossible to get right on the ?rst attempt during the 
development of the Web site. Furthermore, the schema is not 
totally ?xed over time: Organisational or technical consid 
erations can suggest improvements and extensions to the 
content schema. Therefore, changing application require 
ments make it necessary to change, the schema even When 
the Web site is already in production and content data has 
been accumulated. 

[0008] Because the content data itself is a valuable asset, 
it is very expensive to throW aWay existing data and to start 
the data collection from scratch after modifying the content 
schema. In response to a schema migration, portions of the 
data already accumulated may be automatically converted to 
the neW schema but sometimes human interaction is 
required to adapt content data to the neW schema. This 
process is sloW, so that inconsistent intermediate states Will 
need to be managed persistently by the system. During these 
inconsistent periods some of the automated parts of the 
WCMS Will not be fully functional due to the mismatch 
betWeen schema and data. This may interrupt the entire Web 
publishing process and halt the Web site delivery operation. 

[0009] Data migration strategies Which, after a schema 
modi?cation, convert the entire existing data to the neW 
content schema are no solution to the evolving schema 
development process Which is typical for large Web site 
development. Many people are involved in this development 
process, and it is often that modi?cations to the schema are 
applied that may cause con?icts on the content data. Fur 
thermore, it is likely that some changes to the content 
schema or the content data are undone later on in the 
process, Which is only possible When the data is kept in its 
original form as long as possible. Data migration operations 
may cause irreparable data loss and, therefore, may prevent 
the restoration of the original content data, When applied 
automatically on the entire data. In addition, converting the 
entire content data of large Web sites to a neW schema is very 
expensive and requires a lot of computational effort. This 
becomes even more important When the site development or 
operation is an evolution like process requiring frequent 
releases of content schema and data. 

[0010] Furthermore, inconsistencies Within the content 
schema or betWeen content and schema might arise out of 
schema evolution operations. These inconsistencies need to 
be detected ef?ciently and reliable, in order to maintain the 
availability and quality requirements for online publishing. 

SUMMARY OF THE INVENTION 

[0011] It is an object of the present invention to provide a 
method and an apparatus for handling content data in an 
content management system, Which alloWs content schema 
evolution While maintaining operation based on already 
stored content data. 

[0012] A method and an apparatus for storing and access 
ing data in a content management system is provided. 
Content data is generated and stored in content objects 
comprising a plurality of property value bindings. A content 
object can bind properties to values. In general, a content 
object can use all properties to store content data. Preferably, 
some predetermined properties are used to store certain 
types of content data in content objects. The values are 
stored according to the property type corresponding to the 
respective property. Each property has a declared property 
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type de?ning the type of information that may be stored in 
the corresponding value. Available classes of properties may 
include atomic properties such as string and integer prop 
erties, media properties or link properties. 

[0013] An object aggregates property bindings, each bind 
ing a property to an appropriate value. Each object may have 
a declared type. An object type declares properties and can 
inherit further properties from a parent type. 

[0014] Storing content data in content objects comprising 
property value bindings is a very ?exible Way of organiZing 
a content database. Content data, e.g., an article, a picture, 
a headline, or an index page may be represented as distinct 
objects that are associated in various Ways. Automated 
procedures may be applied to the content data, Which Would 
be very dif?cult When storing unstructured data. 

[0015] An object oriented content schema for modeling 
content data by de?ning content object types is generated 
and stored. The content object j types declare required object 
properties. The schema may be an aggregation of meta 
objects, namely types and property declarations, intercon 
nected by inheritance and associations. The schema may be 
a mutable schema Which is modi?ed to adapt to changing 
requirements. The meta objects themselves are again mod 
eled according to an immutable meta schema. 

[0016] A content object is (read and/or Write) accessed by 
means of the content schema. Accessing contents by means 
of the content schema alloWs some Well de?ned access 
procedures for reading/Writing the content data to be called 
When the data is used, e.g., in an application. Since the data 
is stored in content objects based on properties, the content 
schema used for accessing the data objects can interpret and 
validate the stored data based on the content object types. 
E.g., it is possible to ?ll in values for absent property values 
of content objects. Default values may be derived from an 
object or property speci?c recovery procedure. This alloWs 
the content management system to operate on an “imper 
fect” database having missing data and/or data type mis 
matches. In addition, it is possible to save storage space in 
the database When storing nullable properties. Since these 
properties are not stored When not present, ie when no 
value is available to be bound to the property, the database 
siZe is reduced. A default value for the respective property 
may be used When the content object is accessed. In contrary 
to many database systems, no memory locations for nulled 
properties are allocated and no “null” values are stored. 

[0017] Furthermore, a content object may be presented to 
a user or an application by accessing (reading) each property 
of the content object according to the respective property 
declaration or the object type de?nition for the content 
object. E.g., the properties of a content object may be 
formatted in different Ways depending on the property or the 
property type. This alloWs predetermined data transforma 
tion to be applied on content data When it is used. Accessing 
the content objects by means of the content schema alloWs 
many automated procedures to be applied to the content 
data. 

[0018] On the other hand, since content data is generated 
and stored independently of the content schema, the pro 
posed method and apparatus for storing and accessing data 
is much more ?exible than knoWn object oriented databases. 
In an object oriented database the content objects must 
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strictly conform to the object type de?nitions of the schema. 
In object oriented databases content objects are alWays 
generated and stored according to the content schema. Upon 
a content schema modi?cation the entire database is usually 
converted to match the modi?ed schema. On the contrary, in 
the present invention, content objects may be generated 
according to the available content data. This is particularly 
important, if content data is imported from content sources 
and the available data does not match the content schema. In 
the present invention, the imported data may be stored in 
content objects comprising the respective properties of the 
imported data and not the desired properties declared in the 
schema. This gives much ?exibility in storing the data, e.g., 
imported from different sources, but still maintains a struc 
tured database. 

[0019] It is preferable to examine the integrity of the 
stored content objects by verifying if the stored content 
objects match the content schema. Content objects may 
mismatch the content schema, because objects are stored 
independently of a content schema and may comprise prop 
erties from those declared in the object types. Content 
objects may also mismatch the content schema after a 
modi?cation of the content schema Which happens fre 
quently during Web site development. 

[0020] Typical operations to modify the content schema 
during schema evolution are: add property; remove prop 
erty; move property to supertype; move property to subtype; 
rename property; reorder properties; add subtype; extract 
common supertype; duplicate type; rename type; and change 
property type. These operations may be applied to the 
content schema to adapt the present content schema to 
changing requirements and are supported by the content 
management system of the present invention Without losing 
its access functionality to content data already stored. Since 
in the present invention the content objects are stored 
independently of the content schema, access to the accumu 
lated content objects is alWays maintained, even if the stored 
content and the content schema deviate, and even if the 
content schema itself is inconsistent. E.g., When a property 
in the content schema is moved to a subtype, access to the 
respective property in content objects is still possible as long 
as the relation betWeen the moved property in the content 
schema and the stored value bound to the property in the 
content object is maintained. 

[0021] Aproperty may be a link property linking a content 
object having the link property to a target object. Link 
properties are in particular useful to express relationships 
betWeen objects. A property may be a link collection prop 
erty comprising a set or bag of links to target objects. This 
is in particular useful if a link collection is indexed using a 
given key property to represent a branching relation Wherein 
the actual branch to be folloWed is determined by the key. It 
is preferable that the integrity of content objects is examined 
by comparing the types and property value bindings of 
stored objects to the object type de?nitions of the content 
schema. By comparing the property value bindings of stored 
objects to the required object properties according to the 
content schema type mismatches may be detected. 

[0022] The content schema may impose additional con 
straints on the content objects. A constraint may be the 
declaration of permitted properties. Based on this constraint 
only properties declared in the object type de?nition may be 
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stored With a content object. Another constraint may relate 
to required properties: properties declared as nonnullable in 
an object type must be nonnull and, therefore, stored in a 
respective object. An example for a required property 
requires that each article must have a title and a text. 
Furthermore, range constraints declaring minimum and 
maximum values for a property value may apply. Cardinality 
constraints may require that the number of elements of a link 
collection property must not be outside the declared mini 
mum and maximum cardinality. For example, a home page 
must link at least three and at most ten articles. Target type 
constraints may declare the target type of elements linked to 
by a link collection property. In addition to property type 
mismatches, stored content objects may violate constraints 
imposed by the content schema. The integrity of the stored 
content objects may be examined by verifying the con 
straints imposed on the stored objects. 

[0023] Upon a detection of an integrity issue a mismatch 
report may be generated. The mismatch report may list all 
mismatching content objects, their mismatching properties 
and/or the type of mismatch. The mismatch report may be 
used to protocol the effects appearing after schema modi? 
cations. Furthermore, data mismatching the content schema 
may be presented to a user Who is prompted to adapt the 
data. The user may correct mismatching property types or 
?ll in missing values for nonnullable properties. This manual 
correction process may be supported by a suitable user 
interface presenting error messages, invalid property values 
and some explanation about the reason for the integrity issue 
to the user. 

[0024] While the integrity issues described above are 
acceptable and alloW the core system to function, for many 
embodiments of the present invention it is preferable to 
resolve as many integrity issues as possible automatically 
Within a short time. Only the remaining integrity issues 
persistently affect the access of content data. 

[0025] Therefore, upon a detection of an integrity issue a 
predetermined issue resolution procedure may be employed 
to resolve the mismatch by adapting the content data, 
especially by adapting property values. This resolution pro 
cedure may apply one or more of the folloWing rules, 
depending on the necessity of issue resolution and the 
necessity of keeping old data. 

[0026] Rules to apply When a property binding violates 
constraints from the property declaration: change property 
value to a default value, possibly to a null value; compute 
neW property value based on old value; if an integer value 
outside of the declared minimum and/or maximum value of 
a range constraint is detected, clip it to meet the constraint; 
if an link list is too long, truncate the link list. 

[0027] Rules to apply When a property is illegally present 
and there is another nulled property of similar name: move 
the value of the illegally present property to the other 
property, move the value of the illegally present property to 
another property after type correction, e.g., linkQlink list, 
integer—>?oat, stringQdate. 
[0028] Rules to apply When a property is illegally present: 
look for a subtype of the current type declaring the property 
and replace the current type by the subtype; remove the 
property. 
[0029] Rules to apply When a property is illegally nulled: 
look for an unde?ned, but existing property of similar type 
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and name, then move the value for that property to the nulled 
property; initialise the property With a default value; com 
pute property from other property using some application 
level procedure; in the case of a link property, create a 
resource of the required type, binding properties to values 
With a suitable heuristic. The latest issue resolution proce 
dure may, e.g., When a property is illegally present in the 
original resource and that property is declared in the link 
target type, move the property to the neWly created resource. 

[0030] In response to a content schema modi?cation the 
integrity of stored objects may be examined only for those 
objects that may be affected by the schema modi?cation. It 
is preferable to examine the integrity of objects of a modi?ed 
object type or a subtype of a modi?ed object type. It is also 
preferable to examine the integrity for objects comprising a 
modi?ed property and/or for objects affected by modi?ca 
tions of constraints relating to attributes of properties. Based 
on the obj ect-oriented type hierarchy declared in the content 
schema it is possible to determine the effects of schema 
modi?cations on content objects. Therefore, only a partial 
examination of the content objects is required to verify the 
integrity of stored objects. Schema modi?cations may be 
veri?ed Without excessive integrity checking. This partial 
object veri?cation saves computational effort in maintaining 
consistency in the entire database. This is in particular 
important for large content databases, since it is not neces 
sary to examine the entire database upon a modi?cation of 
an object-type de?nition or a property-type de?nition. 

[0031] Based on the object-oriented approach for storing 
and accessing data the folloWing rules may be used in order 
to determine the content objects that may be affected by a 
schema modi?cation. 

[0032] Rules relates to permitted properties: When a prop 
erty is changed in a certain object, check the object; When a 
property declaration is added or removed from an object 
type, check all instances of the type and all subtypes. 

[0033] Rules relating to required properties, range con 
straints, cardinality constraints or target type constraints: 
When a property is changed in a certain object, check the 
object; When a property declaration is added, removed or 
changed, check. all instances of all subtypes of the type that 
de?nes the property; When a property is moved from one 
type to another, only check the instances of each type that is 
an instance of a subtype of exactly one (not both) of source 
and destination type. 

[0034] Rules relating to index properties: 

When a key property of an object is changed, recheck all 
indexes that include the object; When an object is added to 
or removed from an indexed link collection, recheck the 
index. 

[0035] Rules relating to modi?cations of the type hierar 
chy: 

When the type hierarchy is changed (i.e. When a supertype 
link is changed) and the neW supertype inherits a set of 
properties different from the original one, then all instances 
of the moved type and its current subtypes must be 
rechecked. 

[0036] In order to automate updates of property values it 
is preferable that a property is a computed property. The 
value of the computed property is automatically calculated 
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upon access on a content object Whose type declares the 
computed property. Because computed properties are 
updated automatically, computed properties satisfy global 
integrity constraints more easily, reducing the need for 
integrity checking. Furthermore, computed properties 
reduce the required storage siZe. 

[0037] The value of a computed property of an obj ect may 
be calculated based on a set of properties of that object, e.g., 
a computed property may be the mean value of a speci?ed 
set of property values. The value of a computed property 
may also be a collection of objects having link properties 
Which are linking back to a content object having the 
computed property. This “reverse link collection” is a set or 
bag of objects that link to the object. Further computed 
properties may be indices on a link collection property. The 
resource stores the property LINKS and every linked 
resource has a property NAME. A lookup table may be 
generated to automatically locate a resource in LINKS With 
a given NAME. When a property holds a link to a binary 
object (e.g. picture, movie, Word document) a computed 
property may be deployed Whose value depends on the 
binary property, e.g., the height of the stored picture, the 
playtime of the movie, the number of pages of the Word 
document. It is also possible to calculate a computed prop 
erty based on a predetermined algorithm that derives the 
property value given the object and the state of the remain 
ing Workspace. For computed properties, care is to be taken 
to cache computed properties as long as possible, but to 
recompute the values automatically When needed. 

[0038] Computed properties are especially useful for 
directories/folders. When the content of a folder is stored 
using an ordinary link collection that references the con 
tained document, every document that is added or removed 
in the directory requires a change to the folder object. When 
documents link to folders so that folders can keep track of 
their contained document using a computed property, the 
folder objects are changed only rarely. This removes a 
possible performance bottleneck. Computed properties may 
also take the place of obsolete properties after a schema 
migration, so that read access still Works as before. For this 
reason, computed properties should be treated like stored 
properties Whenever possible. 

[0039] Resource versions for modi?cations of content 
objects or object-type de?nitions may be recorded. A 
resource version stores a version of a resource, i.e., either a 
content object or an obj ect-type de?nition, in order to record 
the evolution process of the resource and reproduce old 
versions. It is preferable to treat content objects and object 
type de?nitions uniformly as resources for the purpose of 
versioning. Since the content schema is an aggregation of 
object-type de?nitions and property type de?nitions, the 
content schema may be versioned in the same Way as content 
objects. 

[0040] Resource versions may be stored upon modi?ca 
tions of content objects or object-type de?nitions, at certain 
points of time, upon receiving a user command, or upon 
receiving a versioning request by some system component. 
It may not be necessary to store every modi?cation of 
resources. It is preferable to record some selected state of the 
resource, possibly based on a mandatory check-out/check-in 
procedure. E.g., a developer may check out an object-type 
de?nition of the content schema, thereby acquiring eXclu 
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sive access to the resource, apply a set of modi?cations to 
the object type and check in a modi?ed object type de?ni 
tion. Upon the check-in of the modi?ed object-type de?ni 
tion, a neW version for this resource may be stored. 

[0041] A label referring to a set of objects each having a 
speci?ed version may be stored in order to refer to this set 
of objects. Also a label referring to a content schema version 
comprising an aggregation of object-type de?nitions each 
having a speci?ed version may be stored. By means of this 
label a version of the entire content schema is generated. 
Preferably a label is used to record a set of versions that ful?l 
some interobject integrity constraints. 

[0042] In order to prevent a proliferation of versions in the 
referring or aggregating object, versions of content objects 
comprising link properties or link collection properties are 
stored irrespective of the versions of target objects. Other 
Wise, When a version is directly linked from many sources, 
a modi?ed version Would only be linked after changing all 
referring resources, thereby generating neW version of these 
resources. 

[0043] The content schema and the content objects may be 
stored in Workspaces. AWorkspace may be formed based on 
labels. The labels select the set of objects comprising the 
Workspace. Modi?cations of resources remain local to the 
respective Workspace in Which the modi?cation occurred 
until explicitly transferred to another Workspace. A Work 
space is the virtual content management system in Which a 
user Works, i.e., his vieW on the content management 
system. Changes applied in other Workspaces have no effects 
on the present Workspace until the changes are integrated in 
a controlled Way. This alloWs parallel development and/or 
content data authoring to happen in each Workspace indi 
vidually. 

[0044] In content management systems it is preferable that 
a development Workspace for the modi?cation of the content 
schema, a production Workspace for the generation and 
modi?cation of content objects and an integration Work 
space for the integration of the content schema modi?cation, 
the content object generation, and the content object modi 
?cation are provided. In this setup the roles of different 
people in Web site development and operation are re?ected. 
Developers modifying the content schema operate in the 
development Workspace. Modi?cations of the content 
schema do not in?uence the Work of authors operating in a 
production Workspace. In the production Workspace, content 
objects are generated and modi?ed in order to accumulate 
and update content data. Upon reaching a consistent content 
schema and verifying the effects of schema modi?cations on 
content data, resources from the development Workspace 
and the production Workspace are integrated in an integra 
tion Workspace. During this integration some integrity issues 
may be detected, and the content schema and/or content 
objects may be adapted. It is preferable to transfer the 
resources of the integration Workspace after the issue reso 
lution to an additional live Workspace. In order to prevent 
any impediment caused by the integration on the actual Web 
site operation, the actual Web page generation for the public 
user of the Web site may operate based on the live Work 
space. 

[0045] Different versions of the same resource (object or 
object type) from a source and a target Workspace may be 
uni?ed in the target Workspace. Uni?cation may be per 






















